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Phylogenetic analysis of the host mitochondrial CO1 gene: We successfully amplified 143 mitochondrial CO1 from 274 host individuals and recovered a total of 56 haplotypes 144 (Table S2 ). These haplotypes were distributed among three major clades with high (> 145 0.95) posterior support, corresponding to three host types from the southwestern Pacific, 146 and are called Type 1 (HT-I), Type 2 (HT-II), and Type Lau (which we renamed here 147 HT-III) (Fig.2) . Only HT-III has been previously described from the Lau Basin (38). Our 148 results corroborate the Alviniconcha phylogeny as published in Suzuki et al. 2006 (38) , in 149 which one major clade includes HT-I, HT-III and A. hessleri (from the Mariana trench) 150 and the second major clade includes HT-II and A. aff. hessleri (from the Indian Ocean).
151
For HT-I and HT-II, reference sequences AB235211 and AB235212 were each identical 152 to the most common experimental haplotype in their respective clade; AB235215, 153 representing HT-III, was identical to a relatively rare haplotype in our dataset, but had 154 only one nucleotide difference from the most common HT-III haplotype. The three host 155 types found on the ELSC were divergent from those observed in the northwestern Pacific 156 (Mariana Trench) and the Indian Ocean.
Phylogenetic analyses of symbiont 16S rRNA genes: Based on 16S rRNA gene 163 sequences, three symbiont phylotypes were found to be associated with ELSC 164 Alviniconcha, two of which had not been previously observed in this region. Longer 165 sequences were generated from clones of each phylotype for phylogenetic analysis 166 ( Fig.3) and revealed that the three phylotypes are closely related to the previously 167 published sequences for the γ-and ε-proteobacterial endosymbionts from Alviniconcha in 168 this and other hydrothermal systems in the southwestern Pacific (Manus and North Fiji 169 basins) (36) (37) (38) . One of the γ-proteobacterial symbiont phylotypes (γ-Lau) was most 170 closely related to the previously published symbiont sequence from Alviniconcha in the 171 Lau Basin (98% sequence identity) (38) . The second γ-proteobacterial symbiont 172 phylotype (γ-1) and a ε-proteobacterial symbiont phylotype were most closely related 173 (96-97% and 97% sequence identity, respectively) to Alviniconcha symbionts previously 174 observed in the North Fiji and Manus basins (38) . Relationships among symbiont phylotypes and host types: Our qPCR analysis also 187 revealed specificity among the three host types and three symbiont phylotypes. One-way 188 ANOSIM comparing the symbiont composition among the different host types 189 demonstrated that each host type associated with significantly different symbiont 190 populations (Global R=0.789, p<0.001; Fig. 4 ). HT-II were exclusively dominated by ε-191 proteobacteria, with ε-proteobacteria always representing >99% of the detected symbiont 192 genes. Accordingly, we found no significant differences in the symbiont population 193 among HT-II from three different vent fields (one-way ANOSIM Global R=0.312, 194 p=0.07). HT-III, conversely, were exclusively dominated by γ-proteobacteria, either γ-1 195 or γ-Lau. A small number of HT-III individuals (n=7, later called "γ-Both") had 196 relatively equal proportions of both γ-proteobacterial phylotypes. HT-III was found at the 197 two southernmost vent fields (ABE and Tu'i Malila); however, due to the presence of just 198 one HT-III individual at ABE, we were unable to statistically test the effect of geography 199 on symbiont population composition in this host type. Finally, HT-I was dominated by 200 either γ-1 or ε-proteobacteria, though HT-I was most commonly dominated by γ-1 not the 201 ε-proteobacteria (n=93 vs. 6 individuals respectively). In this host type, the associated 202 symbiont population displayed different patterns of symbiont fidelity according to 203 geography. HT-I was found at all four vent fields; however, the dominant symbiont 204 phylotype changed from north to south. Five of twelve HT-I individuals in the northern 205 vent fields were dominated by ε-proteobacteria, compared to only 1 of 87 HT-I 206 individuals in the southern vent fields. This was confirmed via one-way ANOSIM 207 comparing the symbiont population of HT-I by location, which demonstrated that there 208 were significant differences among HT-I individuals from the different vent fields 209 (Global R=0.385, p<0.001).
211
Geographic patterns in the abundance of Alviniconcha host types: The distribution 212 and abundance of each host type varied geographically from north to south ( Fig. 5 ). HT-I 213 was found at all four vent fields, HT-II was found at three vent fields but not Tu'i Malila, 214 and HT-III was found at the two southernmost vent fields ABE and Tu'i Malila. With 215 respect to their relative abundance, Alviniconcha populations at the northern vent fields 216 were mainly HT-II, while populations at the southern vent fields were mainly HT-I and 217 HT-III. The relative abundances of host types in the northern two vent fields (Kilo Moana 218 and Tow Cam) versus southern two vent fields (ABE and Tu'i Malila) were significantly 219 different (Global R=0.34, p=0.03).
221
Geographic abundance of symbiont phylotypes: The abundance of symbiont 222 phylotypes associated with Alviniconcha changed along the spreading center ( Fig. 5 ).
223
Individuals dominated by symbiont γ-1 were present at all four vent fields. Individuals 224 dominated by ε-proteobacteria were present three vent fields but not Tu'i Malila. Table S1 ; Fig.6 ). This is true for diffuse flows and chimneys within the same region as 243 well (Mann-Whitney U, p=0.182 and p=0.102, north and south respectively). We also did 244 not detect any significant differences in the oxygen concentrations or temperature of the Stable carbon isotopic composition according to dominant symbiont phylotype: 265 Across the ELSC, the average δ 13 C value for gill tissue from Alviniconcha dominated by 266 ε-proteobacteria (−11.6 ± 0.4‰ S.D.) was much less depleted than the average value of 267 Alviniconcha dominated by γ-proteobacteria (−27.6 ± 2.3‰ S.D.) (Table S5) These analyses -which were based on an extensive sampling effort in four 281 different vent fields along the length of the ELSC -uncover previously cryptic, 282 regional-scale patterns in the distribution of Alviniconcha holobionts. Our results suggest 283 that regional-scale gradients in geochemistry, which are the surficial expression of sub-284 surface tectonic processes and water-rock interactions respectively, influence niche 285 availability -and thus partitioning-among hydrothermal vent symbioses. Specifically, we 286 observed striking patterns in the distribution of Alviniconcha host types, wherein 287 Alviniconcha associated with ε-proteobacteria were substantially greater in abundance at 288 the northern-most, basaltic vent fields (Kilo Moana and Tow Cam). Conversely,
289
Alviniconcha associated with γ-proteobacteria were found in greater abundance at the 290 andesitic southern vent fields (ABE and Tu'i Malila) (42, 43) . We observed further basin- then each host type's specificity for a particular symbiont would influence its capacity to 371 exploit different physicochemical niches. Given the aforementioned distribution of 372 phylotypes and the seeming lack of barriers to dispersal, we posit that the observed 373 patterns of distribution of Alviniconcha across the ELSC relates to the gradients in vent 374 fluid geochemistry (Fig.7) . Holobionts with ε-proteobacterial symbionts dominated in 375 fields with higher H 2 and H 2 S concentrations, and conversely holobionts with γ -376 proteobacterial symbionts were in greater abundance at fields with lower H 2 and H 2 S.
377
This is consistent with studies of free-living ε-and γ-proteobacteria in sulfidic 378 environments, which found that ε-proteobacteria dominate over γ-proteobacteria in 379 habitats with higher sulfide (60-62). Both H 2 and sulfur oxidation are known to be 380 common metabolisms among the close relatives (i.e. Sulfurimonas spp.) of the ε-381 proteobacterial symbionts (60, 63-65) and we hypothesize that one or both of these is 382 supporting autotrophy in this phylotype. Previous studies of Alviniconcha symbiont 383 metabolism have focused on sulfide oxidation in vivo and in vitro (39, 66), but did not 384 identify the symbionts, so it is unclear which phylotypes are engaged in this metabolism. 385 We observed that holobionts with ε-proteobacteria did not have visible sulfur granules in 386 their gills, which is a known intermediate in some sulfur oxidation pathways. In contrast, 387 holobionts with γ-proteobacteria had elemental sulfur in their gills, suggesting different 388 modes of sulfur metabolism. This too is consistent with studies of sulfur oxidation by ε-389 and γ-proteobacteria, which are known to employ different pathways (as reviewed in 390 (60)). We recognize that other factors, yet to be determined, could be influencing the 391 north to south partitioning of ε-and γ-proteobacterial symbionts, as well as the 392 distribution of holobionts with γ-Lau and γ-1, along the ELSC. Further work identifying 393 the specific reductants and pathways utilized by the three symbiont phylotypes is needed 394 to better understand the connection between symbiont physiology and the observed 395 habitat partitioning. 396 We also observed evidence for niche partitioning at a local (vent field) scale.
397
Most collections were dominated by holobionts associating with one particular symbiont 398 type (e.g. HT-I and II both hosting ε-proteobacterial symbionts in collection TC-2; Fig 5) .
399
This patchiness does not strictly correspond to habitat type (chimney wall vs. diffuse 400 flows), because collections from both habitat types in the north were dominated by ε-401 proteobacterial symbionts and, conversely, by γ-proteobacterial symbionts in the south.
402
There are anomalous collections from Kilo Moana and ABE, which deviate from the 403 overarching patterns of distribution in this study, that may be reflective of local 404 patchiness in geochemistry. Indeed, if habitat conditions are driving these patterns, we 405 would expect local variation in chemistry to result in patchy holobiont distribution even 406 within a vent field. Unfortunately, we did not collect environmental data at these specific 407 sites, so we cannot determine whether these collections were associated with different 408 geochemistry. While higher resolution sampling of Alviniconcha with associated fine-409 scale chemical measurements is necessary to understand the extent of intra-field habitat 410 partitioning by these symbioses, the existing data suggest interactions between the 411 symbionts and the environment.
412
Previous studies have hypothesized that differences in the oxygen tolerance of the 413 carbon fixation pathways employed by the γ-and ε-proteobacterial symbionts could 414 influence habitat utilization by the different Alviniconcha symbioses (38, 61) . Indeed, our 415 measurements of carbon stable isotopic composition are consistent with the use of 416 different carbon fixation pathways by the γ-and ε-proteobacterial symbionts (Table S5 ).
417
However, the oxygen concentration in the habitats occupied by individuals with the γ-418 and ε-proteobacterial symbionts was not significantly different. Moreover, it is unlikely 419 that environmental oxygen concentrations are experienced by the symbionts because host 420 oxygen-binding proteins, such as the gill hemoglobin of Alviniconcha (67), have a high 421 affinity for oxygen and will govern its partial pressure within the host's tissues. With 422 respect to differences in host physiology influencing the observed distribution patterns, 423 little is known about differences in thermal tolerance or chemotolerance among 424 Alviniconcha host types (66). Sulfide tolerance has been suggested to affect animal 425 distribution at vents (23, 27, 68) and is significantly different among collections 426 dominated by the different Alviniconcha holobionts at the ELSC. However, the highest 427 sulfide levels detected among the snails in our collections are well below the tolerance 428 limits reported from shipboard experiments on Alviniconcha, and thus host tolerance for 429 sulfide is unlikely to be responsible for the patterns we report (66). Additionally, 430 temperature and oxygen concentrations -two key factors often invoked in governing the 431 distribution of animals at vents (23) -were not significantly different among our 432 collection sites. Though both host and symbiont physiology undoubtedly influence the 433 overall niche of these holobionts, we suggest that host physiology is unlikely to be 434 playing a major role in the habitat partitioning observed here. as evidenced by the strong association of chemosynthetic symbioses with vent fluid 438 emissions (e.g., (28)). Competition among these holobionts for chemical resources takes 439 the form of competition for the limited space near vent flows. Within a chemically 440 heterogeneous vent system such as the ELSC, with spatial variability in the composition 441 of vent fluid, resource partitioning among symbioses appears to occur via the differential 442 distribution of the symbioses across the range of geochemical milieus. Here, for the first 443 time, we observed this process occurring both within a genus and at a regional scale, with 444 differential distribution of holobionts among distinct vent fields that are tens of 445 kilometers apart.
446
In many ecosystems, niche partitioning has been shown to facilitate the 447 coexistence of ecologically similar taxa (as reviewed in (3)), which has generally been 448 considered in the context of the intrinsic differences in organisms, not in differences in Alviniconcha individuals were used as template to amplify the cytochrome C oxidase 516 subunit 1 (CO1) mitochondrial gene, and the resulting amplicons were cleaned, trimmed 517 and aligned, then used to produce a Bayesian inference phylogeny using the SRD06 518 model of nucleotide evolution (86), which partitions protein coding sequence into first + 519 second and third codon positions, estimating parameters for each. Details of these 520 analyses can be found in the Supp. Methods. Host CO1 gene sequences were deposited in 521 GenBank, and accession numbers are presented in Table S2 . (Table S3 ) were designed for the three symbiont phylotypes using the 538 aforementioned 16S rRNA gene alignment. Each phylotype assay was designed to target 539 Alviniconcha symbiont 16S rRNA gene sequences from this study and others to capture 540 intra-phylotype sequence diversity. See SI Methods for details of qPCR assay design and 541 optimization.
543
Assessing symbiont composition via qPCR: To confirm that our subsamples yielded 544 symbiont populations typical of the entire gill, we took 3 subsamples each from the 545 whole gills of six individuals (at either end and the middle of each gill), extracted DNA 546 as described above and found that the proportion of symbiont phylotypes varied by <1% 547 among subsamples (Table S4 ). We accordingly estimated the proportion of each 548 symbiont phylotype in the original Alviniconcha gill DNA extracts by applying all three 549 qPCR assays to 2 µl of each sample (in duplicate), which were compared against 550 duplicate standard curves and no-template controls, then averaged to determine copy 551 number. Reactions in which the C t was greater than the C t for the lowest standard (10 552 copies) were documented as zero copies. Additionally, all quantities were adjusted for 553 amplification inhibition (see SI Methods). Symbiont population within an individual were 554 assessed by assuming each 16S rRNA gene to represent a single symbiont genome (see 555 SI Methods for discussion of this assumption).
557
Analysis of carbon isotopic composition: Approximately 300 mg gill tissue was 558 subsampled while frozen for carbon isotopic analysis. Samples were lyophilized for 24 559 hours, then acidified with 0.1 N HCl to remove any inorganic carbon contamination. The 560 samples were subsequently dried for 24-48 hours at 50-60°C, homogenized to a fine 561 powder and sealed within tin capsules. The carbon isotopic composition was determined 562 by combustion in an elemental analyzer (Eurovector, Inc.) and separating the evolved 563 CO 2 by gas chromatography prior to introduction to a Micromass Isoprime isotope ratio 564 mass spectrometer (IRMS) for determination of 13 C/ 12 C ratios. Measurements are 565 reported in δ-notation relative to the Peedee belemnite (PDB) in parts per thousand 566 deviations (‰). Typical precision of analyses was ± 0.2‰ for δ 13 C. Egg albumin was 567 used as a daily reference standard. represented an independent community profile. Additionally, the collections were also 574 compared by classifying each individual based on its dominant symbiont phylotype (γ-1, 575 γ-Lau, ε) or "γ-Both" (for the few individuals that hosted relatively equal proportions of 576 the two γ-proteobacterial symbionts). In these analyses, Bray-Curtis dissimilarity from 577 standardized collection profiles was used. Table 1 for information on measured collection sites). haplotypes found in this study can be found in Table S3 . Posterior probabilities are Table S1 ). Symbiont phylotypes are 896 indicated by colors: green, γ-proteobacteria type 1 (γ-1); yellow, γ-proteobacteria type 897 Lau (γ-Lau); blue, ε-proteobacteria (ε). Host types are indicated by shapes: ! Host type 1 898 (HT-I); Host type II (HT-II); △ Host type III (HT-III); Host type undetermined.
899
The individuals that had relatively equal proportions of two of the symbiont phylotypes 900 are split into two colors. 
